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INFLUENCE OF THE LENGTH OF THE INTERRUPTED PART WITH
A CIRCULAR-SHAPED CONJUGATION ON THE STRESS CONCENTRATION
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Abstract. The study of the stress state of a plate with conjugation along a circular arc, between the interrupted
and uninterrupted parts, and under the simple strain has been carried out. The plate was put to the strain test. The results
of calculation using the finite and boundary element methods in comparison with studies of other authors are accepted
as the basis for the analysis.

The difference between the calculation results by the finite and boundary element methods made up about 1.5-6.0%.
The reliable results of all other authors are similar at the relative length of the interrupted connections until their height
is more than nine. In that case, the difference between the results is no more than 10%. When the ratio /A is larger,
the eighth stress concentration coefficient has a stability value of 1.85.
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AHHOTanusi. BrInonHeHo uccienoBaHue HANpsHKEHHOTO COCTOSIHUSI TUIACTHHBI C CONPSDKEHHEM MO JIyre OKPYX-
HOCTH MEXIy NpPEphIBHOW M HENPEpPBIBHON YACTSAMH IPHU MPOCTOM PACTSHKEHHWH. 3a OCHOBY aHalN3a TPHHUMA-
IOTCSI PE3YyNbTaThl PACUYeTOB METOJAMH KOHEUHBIX M TPAHUYHBIX 3JIEMEHTOB B CPAaBHEHHHM C PabOTaMHU IPYTHX
aBTOPOB.

KuroueBble cjioBa: MpephIBUCTHIE CBSI3H; pacTsDKEHHE; KOYQ(UIMEHT KOHLEHTPALUK HAIPSUKSHUH; CylIOBbIC KOH-
CTPYKLHH.

AHoTaniss. BukoHaHo 1OCIIUKEHHS MPY)KHOTO CTaHy IUIACTHHU 31 CIPSDKEHHSIM 110 JIy31 Kojla MIDXK IIepepHBaHOI0
Ta HENEepepHBaHOIO YaCTUHAMHY TUIACTUHH IIPH [TPOCTOMY PO3TSATHEHHI. 32 OCHOBY aHai3y NPUIMAIOTHCS pe3yJIbTaTh
PO3paxyHKiB METOZaMH KIHIIEBHUX 1 TPAHUYHHX €JIEMEHTIB ITOPIBHSIHO 3 pOOOTaMH 1HIIHMX aBTOPIB.

KuarouoBi ciioBa: nepepuBaHi B’s131; pO3TATHEHHS; KOS(IIi€EHT KOHIIEHTPAIIl HANIPY)KSHB; CYIHOBI KOHCTPYKIIIl.
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INOCTAHOBKA ITPOBJIEMbI

VYeunusi, 1eHCTBYOLIME HA TPEPBIBUCTYIO CBA3b CYI0-
BBIX KOPIIYCHBIX KOHCTPYKIIMH, BBI3BIBAIOT B MECTax 00-
phIBa €€ MPEPHIBHOM YaCTH KOHLIEHTPALIUIO HAMIPSIKEHUH.
Bennauna kodgduimenTa KOHICHTPAITUU HaNPsKSHUH
3aBHCHUT OT MHOTHX (DaKTOPOB COCTaBa M KOHCTPYKIIUH
MIPEPBIBUCTON CBSI3M, B TOM YHCIE JIHHBI TPEPHIBHOI
4acTH. DTO OOCTOSITENHCTBO MMEET BAYKHOE MpaKTHYe-
CKO€ 3HA4YCHHE, MOCKOJBKY PEe3YIbTaThl HCCICIOBAHUS
HCTIONB3YIOTCS MIPH TPOCSKTUPOBAHIH TPEPHIBUCTHIX CBS-
3€M CyIOBBIX KOPILyCHBIX KOHCTpyKuuil. MccnenoBanus
IO OIICHKE BIUSHUS [UTMHBI IPEPHIBHON YaCTH Ha HAIPS-
JKEHHO J1e(hOpMATHBHOE COCTOSHUE PA3TIIYHBIX CYHOBBIX
KOHCTPYKITHH B pab0TaX HEKOTOPHIX aBTOPOB MIMEIOT 3Ha-
YUTEIHHBIC PACXOKICHUS.

AHAJIN3 MMOCJIEJHUX
HCCJEJOBAHUM U ITYBJIUKALIMA

B Teopun nedopmanmii mpephIBHCTBIX CBS3EH Cy-
JIOBBIX KOPITyCHBIX KOHCTPYKIHH, pa3paboTaHHOW aka.
10.A. Illumanckum [6], naroTcsi NPHOJIMIKEHHBIE BbI-
pakeHUsl IUIsl HaWOOJIBIIEro 3HaueHus ko3dduimenra
KOHIICHTPAIMU HAIPSDKEHUI B TPEPBIBUCTHIX CBAA3SIX. Pe-
KOMEH/lyeMble 3HaUY€HHs TTONPABOYHOTO KOd((HlIMeHTa,
YUUTBIBAIOIIETO BIMSHHUE JUTUHBI IPEPHIBHOI YacTH, MpHU-
BEJICHBI TaKOKe B paboTe [2], r/1e 3HaueHHsI IOMPaBOYHOTO
k03 (HUIHEHTA TTOyYeHBI METOAOM TECOPHH YIPYTOCTH.
B uccnenoBanuu [3] mpexacTaBieHb! MONPABOYHBIE KO-
9 PUIMEHTHI C yYETOM OTHOILEHHUS BHICOTHI IPEPHIBHOM
4acTH K ee JUIMHE, a B CTaThe [4] MOKa3aHbl Pe3yabTaThl
pacTsbKeHHUs] TIPEPBIBUCTON CBSI3M C YYaCTKOM CEUYCHUS
MOJTYIIUPOTHI nanyOs! cynHa. [locnemyromniye H3bICKaHust
JIOJDKHBI YTOUHHUTH OTH 3aBHCHUMOCTH, MOCKOJIBKY OHH
3HAYUTENFHO PA3HATCSA MEXKIY COOOI.

HEJIb PABOTBI coctout B onpeneieHny Harpsi-
J)KEHUU B MPEPBIBUCTOM CBSI3U MPHU MPOCTOM PACTSKE-
HUU U OLIEHKE HANPSHKCHHO Ae(OPMATHBHOTO COCTOSHUS
B paliloHe OKOHYAHHMS MPEPHIBUCTBIX CBs3CH. 3amada mc-
CIIEZIOBAaHUA — YCTAHOBHUTH 3aBHCHMOCTH HM3MECHEHUS
k03¢ uIHeHTa KOHIICHTPAIINN HAMPSDKEHHS B TIPEPHIBH-
CTBIX CBSI3AX CYZOBOTO Ha3HAYEHUS OT €€ JITMHBI Ha TIPHU-
Mepe IIaCTUHBI TOCTOSTHHOW TONMIIUHBI. CunTaeTcs, 94To
IUTACTHHA TIOIBEPTHYTA PACTSDKEHHIO, TIPH ITOM IIeje-
co00pa3HO pamyc IyTH CONPSDKCHUS MPUHATH PaBHBIM
BBICOTE TIPEPHIBHON YaCTH TUTACTHHEL. Takoe momyIieHne

MO3BOJISIET CBECTH 3374l Pa3lIUYHBIX aBTOPOB K COMO-
CTaBUMBIM pe3yibTaTaM. BrIBOJBI IO Takol 3ajaue Mo-
r'yT OBITh pacrpoCTpaHeHbl Ha Oosiee CIOKHBIC ¥ pa3Ho-
00pa3HbIe KOHCTPYKIIUH CYZJOBOTO Ha3HAYEHHSI.

N3J10KEHUE OCHOBHOI'O MATEPUAJIA

OOmas cxema NpephIBUCTON IUIACTHUHBI, Y KOTOPOH
IIPephIBHAS YaCTh CONPSDKEHA 0 TyTe OKPYKHOCTH C pa-
JIMyCOM, PABHBIM BBICOTE IPEPBIBHOM YacTH IUIACTUHBI,
npuBesieHa Ha puc. 1. B ocHOBY pacueTHBIX mpouesyp
MIOJIO’KEHBI METOZbl KOHEUHBIX M TI'PAaHWYHBIX SJIEMEH-
TOB (aBTOPCKHMH BapHaHT MPOTPaMM OCHOBAH Ha METOJIE
(UKTHBHBIX Harpy30K [ 1]). Pe3ymprars! pacaeToB BhITOI-
HEHBI JUIs CIEAYIOIMX OTHOwmweHuit: /h=1-7, tne [ —
MOJTYAJIMHA PEPBIBHON YaCTH IUIACTHUHBI, /I — €€ BBICO-
Ta (puc. 1).

[TpubnmxeHHOE BBIpaXKEHHUE /IS HANOOJIBILIETO 3HA-
yeHns KOd((UIMEHTa KOHIICHTPALUN HAMPSHKCHUAS O
B IIPEPBIBUCTON CBS3H, UMEIOIICH (OpPMY COMPSIKEHUS
OKOHEYHOCTH IPEPBIBHOM CBSI3U B BUJAE JYT'd OKPY’KHO-
CTH, coracHo [6] paBHO:

°‘=1+X\Ea )

rae: i — BBICOTA TPEPBIBHON 4YacTH; I' — paanyc Kpu-
BU3HBI TOPIIEBON KPOMKH B Hadaje ee 00pa3oBaHUs; ) —
MOTNIPAaBOYHBIA KOI(DDUIMECHT, YUYUTHIBAIONINN BIUSIHUC
JUIMHBI TIPEPBIBHOM 4acTy (3HaYEHHs IPEICTaBICHBI B [6]
rpaduveckn).

B npusATEIX momymeHusx I=/ Beipakenue (1) mpe-
obpasyeTcs K BUIY:

a=1+y.

I'padukn B [6] 0TOOpakaloT 3aBUCHMOCTH K03(du-
LUCHTA ) B (DYHKIUK OT OTHOIICHUS /// TIPU PA3TUUHBIX

Puc. 1. PacTspkenue npepbIBUCTON IIACTUHBI, UMEIOILEH Ipe-
PBIBHYIO 4acCThb O[‘paHM‘[eHHOi’I JUIAHBI CO CKPYTJICHHBIMU I10 pa-
JYCY OKPY’KHOCTH KOHIIEBBIMHU TIOIEPEUHBIMU KPOMKAMK
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3HAYECHUSIX OTHOIIEHHS ¢/h, TIE ¢ — OTCTOSIHNE TOPIIEBOH
KPOMKH OT Hadasia ee oOpazoBanus. [Ipyrue aBToOpsI 3Ty
BEIMYMHY, KpoMe [3], He HCIONb3yIOT. Takum oOpa3oM,
C LEJIBI0 TJOCTOBEPHOT'O CPaBHHUTEIHHOTO aHAJIN3a BIIMS-
HUSI JUTMHBI IPEPBIBHON YaCTH PACCMOTPEHHMIO TTOUICKAT
IUTACTUHBI C BHICOTON MPEPBIBHON YacTH, PaBHOH paauy-
Cy COIpSDKEHHMs C MPEPBIBUCTON YacThio. Toraa cnpasen-
JIUBO PaBEHCTBO:

c=h=r.

B sTOM ciydae BO3MOXKHO CpaBHEHHE pE3yJIbTaTOB
1 aHaJIM3 KO3()(UINEHTOB KOHICHTPAIIMN HarpsHKEHUH
B IUIACTUHE, TOJBEPKEHHOW PACTSDKCHUIO C PaIyCcoM
CONIPsDKEHMS, PaBHOM ee BbIcoTe. Beipaskenue (1) mpro0-
peraer 3HauyeHHe, OTINYaroIiee KOd(PPHUIUESHT KOHIIECH-
TpaLUH HANPSDKEHUH OT MOMPABOYHOTO KO dHUIeHTa
Ha eIMHUILY. ITO 00CTOSTENHCTBO TTIO3BOJISIET OCCIPEIIsT-
CTBEHHO COIOCTABIISITH PE3YNBTATHI, TOIyYSHHBIE APYTH-
MU aBTOPaMH.

KoadduipieHT KOHIEHTpanuu HarpsHKeHHH B Cy-
JIOBBIX KOPITYCHBIX KOHCTPYKIHUSIX PaBEH OTHOIICHHIO
HaMOOJIBIINX HOPMAaJIbHBIX HAIPSHKEHUH B 30HE UX KOH-
LUEHTpaUUu G K CPeHEMy HOMUHAIIbHOMY Hampsike-
HHIO G, IEHCTBYIOIIETO B CEYEHUMU:

o = Jmax, )
%o

Ha puc. 2 m300pakeHBI KpPUBBIC 3HAYCHHU KO-
(PMIMEHTOB KOHIIEHTPAIMU HANPSDKCHUH O B (QyHKIUH
OT OTHOIICHHUSA //h, a TaKk)Ke NCIIOIB30BAHbI PE3YIBTATHI
pacyeToB, B OCHOBY KOTOPBIX HOJIOKEH METOJ PaHUY-
HBIX 2JIEMEHTOB (aBTOPCKHI BapUaHT IIPOTrPaMM OCHOBaH
Ha MeTozie (PMKTHBHBIX HArpy3ok [l], juist OTHOLICHUI:
I/h=1-7). Kpome TOro, mpuBeICHBI PE3YIbTAaTHl CO-
IIACHO BBIPKEHUIO (2) MO ONpENEeNICHUIO 3HAUYCHHS Ol
W3 puc. 2 BuaHO, 4TO 3HaueHMs Kodddumnmenra y, yka-
3aHHBIC B pabote [2], Hy»KIAIOTCs B yTOYHCHUH.

B crarbe [4] caenaHa monbITKa CPaBHUTD PE3yIbTATh
TEOPETUUYECKUX UCCIIEIOBAHUN C IKCIEPUMEHTAIbHBIMU
JTAHHBIMM, YTO MPUBENO K MOSBICHHUIO JBYX 3aBHCHUMO-
cTell, OTOOpa)KAIOUIMX BIHMSHUE IPOTSIKEHHOCTH IIpe-
PBIBHOM Y4acTH K €€ BBICOTE.

Ha puc. 3 npuBeneHa 3aBUCUMOCTh MOINPABOYHOTO
ko3 durrieHTa x B QyHKIMH OT OTHOMLICHUS /A, paccuu-
TaHHas [0 pe3yJbTaTaM aBTOPOB JJTaHHOH paboThI B CpaB-
HEHUU C pesynsraramu padbor [2—6]. Kpusbie 6 u 7
paccmoTpensl B [4] Kak TeopeTHyeckas M dKCIepUMEH-
TaJbHAs KPUBBIC.

Ha puc. 3 BUHBI 3HaYMTENbHBIC PAa3MUYUs B JaH-
HBIX, XapaKTePHU3YIOLIMX 3HAYCHHS MOMPABOYHOTO KOd(-
(unmeHTa 7y, YYUTHIBAIOUIETO BIHMSHUE JUIMHBI TPEPHIB-
HOM 4acTH B ()yHKIMH OT OTHOUIeHus //h. B nuanasone
I/h=17,0—8,0 3Ha4eHus] CTAOMIN3UPYIOTCSI U CTPEMSTCSI
K cpennemy — y=0,85.
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Puc. 2. 3aBucumocTn K03 PUIMEHTOB KOHIICHTPAUK Hampsi-
JKEHUH 0. B QYHKIMH OT OTHOWICHUS //h: I — cormacHo pac-
YeTaM [0 MeTOny (DPMKTUBHBIX HArpy3ok, 2 — I10 pe3yJbTaTaM
pabortsr [5], 3 — mo pabore [6]
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Puc. 3. KpuBble 3HauCHHS MONPABOYHOTO KOA(PPHUIUCHTA Y,
YUYHUTBIBAIOIIETO BIMSHHUE [UTHHBI TIPEPHIBHON YacTH B QYHKIIUH
ot otHouienust //h: 1 — cornacHo padore [5], 2 — mo pabo-
te [2], 3— mo pabore [3], 4 — 10 METOIy KOHEYHBIX JIECMEHTOB
(ANSYS), 5 — no pe3yasraram MeTOAa FPaHUYHBIX JIEMEHTOB,
6 — TeopeTHyuecKasi KpHBasl, COOTBETCTBYIOIIAs pe3yJbTaTaM
pabotsr [4], 7 — dKcTIepuUMEHTaNbHAS KpUBas 1O [4]

BBIBO/IbI. B nannoii pabore 0600111€HbI 1 CHCTEMA-
TU3WMPOBAHBI JAHHBIE 110 KOA(HUIMEHTaM KOHIICHT AU
HAarpsHKeHUH B YHKIIMU OT OTHOILIEHHUSI JUTMHBI TIPEPHIB-
HOM 4YacTu K ee BBICOTE //h, BCTpevarolmumecs: B pa3ind-
HbIX JIMTEPATYPHBIX HCTOYHUKAX. I[J'[H CPaBHHUTEIILHOT'O
aHajM3a BbIOpaHa NPEpPBIBUCTAsI IUIACTHHA C KPYTrOBOIii
(hopMoii conpspkeHHsT PEPBIBHON M HETIPEPHIBHOM Yac-
Tamu. [lmactuHa ObUTa TIOABEPTHYTA PACTSIKCHHIO.
IIpunstue paguyca CONPSKEHUS, PABHBIM BBICOTE IIpe-
PBIBHOM YacTH, I[1O3BOJIMJIO COIOCTABIIATH PE3YJIbTAThI
UCCJISIOBaHUIT Pa3IIMYHbBIX aBTOPOB B 00JaCTH MPEPhIBU-
CTBIX CBSI3€H CY/IOBBIX KOPITYCHBIX KOHCTPYKITHH.
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Bruto YCTAHOBJICHO, YTO IO MEPEC BO3pACTAHNUA OTHO- HpeprBHOﬁ JaCTH €€ BBICOTE PACXOKIACHUA B 3HAYCHUAX

LICHMS MTPEPHIBHOI 4acTH K €€ BBICOTE 3HAYCHUs Kod(- Kod(D(DHULIMEHTOB KOHLCHTPALMH HANPSHKEHHH JOCTH-
(UIMEHTOB KOHIEHTPAINH, TIpeylaraeMoe pasiuuHbiMu  TatoT 45—47 %. [Ipn otHOmenun //h Gonee BOCHMHU KO-
aBTOpaMHU, COMIDKAIOTCS W PA3HATCS MEXIy co0oi mpu- S(OOUIMCHTH KOHICHTPAIMK HANPsDKEHUH MPUHUMAIOT
MepHO Ha 10%. B TO Bpems kak mpu paBeHCTBE UIMHBI  cTaOmiIbHOE 3HadeHue 1,85.
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